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ABSTRACT 
We report the structure and the magnetic behaviors of the Fe-doped La2Co1-xFexMnO6 
family of compounds at low doping concentrations x ≤ 3 %. The substitution of Fe into the Co 
site induced the increase in ferromagnetism at the cost of TC. The small doping of Fe in          
La2Co1-xFexMnO6 (≤ 3 %) led to the slight changes in the lattice constants but the symmetry of 
the lattice remained unchanged (Pnma). The doping also reduced TC for both transitions at 
around 215 K and 130 K which attribute for the different spin orderings of the magnetic ions.  
Keywords: double perovskite, structure. 
1. INTRODUCTION 
In the traditional ceramic method, usually called solid state reaction, the metal oxide 
compounds are synthesized from grinding metal oxides or salts together, then samples are 
pressed and sintered. This process is repeated over and over again for many times to achieve the 
homogeneous samples. The solid state reaction occurs when the powder compounds are sintered 
at high temperature, approximately of 2/3 melting point. At this point, the reaction rate is still 
low until when particles are in closer contact. To have the balance of solid state reaction, the 
high sintered temperature and longer sintering time is needed. The main disadvantage of this 
method is that the homogeneity of final product is not high. So the sol-gel method was used; by 
this method, the compounds are mixed in atomic size.  
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Figure 1. Schematic sol-gel route. 
The sol is a micro-gene dispersion system, with solid particles having size of d = 10−9÷10−7 
m distributed equally in the solution. Gel is a micro-gene dispersion system where the particles 
are in the solid phase taken 3D shapes [2]. By Sol-gel method, the products are synthesized in 
superfine particles (d < 10 μm) and have high homogeneity. The stages of synthesizing 
compound can be conformably changed to match the desired properties of materials. So in recent 
years, the sol-gel method has been quickly developed and applied to many inorganic materials. 
The sol-gel method has three main ways: hydrolysizing salts, alkoxides and complex oxide 
method. The hydrolysizing salts is first in the study and the hydrolysizing alkoxides is 
successfully applied in industry. In this paper, we report the preparation of compound                       
La2Co1-xFexMnO6 (x = 0.00, 0.01, 0.02, 0.03) by both ceramic and sol-gel route and compare the 
obtained results.  
Since the discovery of the high temperature superconductor the study of manganite oxides 
become more active. The mixed and sintered binary system La2O3-Mn2O3 usually produce the 
multi-phased output form. As we may see in Figure 2, the given phase diagram is approximately 
applicable also for La2O3-Mn2O3 system. There is a narrow line near CuO = 34 % (that is also 
La2O3 at ~ 30 %) that the final form will be the single phase La2CoMnO6, otherwise the excess 
La2O3 remains as a separate phase in the final product [3]. Figure 2 also shows the difficulty of 
preparation of La2CoMnO6 by ceramic method since the higher sintering temperature would 
bring the mixture to the liquid.  
 
Figure 2. Phase diagram CaO-CuO pseudo-binary system [3]. This phase diagram should also be 
applicable to  La2Co1-xFexMnO6 
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 The core structure is the conductive layers [LaO2]. The La-O chains and imperfect [LaO2] 
planes are believed to have the important effects on superconducting properties. The structure of 
La2CoMnO6 (Figure 3) has corner-shared [LaO2] squares in the same plane, which form the 
chains along the b-axis direction [4]. The structure of La2CoMnO6 and Sr2CoMnO6 are similar to 
that of La2CuO4 except missing oxygens between the Cu ions along the a-axis. The lattice 
parameters of La2CoMnO6 are smaller than those of Sr2CoMnO6 by 7.0 % (c-axis) and 3.6 % (a- 
and b-axis) [5]. The cuprates are related to other structures of complex oxides like Aurivillius 
phases or Be-zones, and also to the perovskite structure. In [6] the perovskite-like ABO3 were 
considered as (AOmA’On)1/2CuO2 (where m and n takes binary values 0 or 1). These layers were 
assumed to stack together with the layers of other rock salt to form chains. Because of the 
oxygen-deficiency, the cuprate perovskite-like structures are far from the characteristic cubic or 
octahedral structure.  
2. EXPERIMENT 
The sol-gel and traditional ceramic method have been used to synthesize La2CoMnO6 
samples. For the sol-gel method, all used chemicals: La2(NO)3, Co2(NO)3, citric acid (CA) were 
of high purity. Citric acid was of reagent grade. The La2(NO)3, Co2(NO)3 and citric acid were 
dissolved in the molar ratio La3+:Co3+ = 2:1 and the ratio CA/Σ[La3++Co3+] was chosen from 1.6 
to 2 to have the solution pH from 3 to 3.5, it is the most compatible to make La3+ ions not able to 
precipitate. Firstly, the La2(NO)3 solution and CA were mixed in 2 hours then inserting 
Co2(NO)3 solution in continuing mixing about 2 hours more. Afterward, the NH4OH was droped 
in until the pH ~ 3.5. Then heat it to approximately 80 0C while continuing mixing, we obtained 
the homogeneous transparent gel like clear blue glue. These were converted to xerogel after 
drying in air for a day and burned almost organic compounds at 550 OC in 3 h. Then sintered at 
900 oC for 8 h in open air.  
The La2CoMnO6 sample prepared by traditional ceramic method was also synthesized and 
sintered at these different temperature ranges conditions. The sample was analysed by X-ray 
diffraction by Brucker D500.    
3. RESULTS AND DISCUSSION 
3.1. Structure of La2Co1-xFexMnO6  
 
Figure 3. The structure of  La2CoMnO6 crystal. Lattice constants are  a = 5.532, b = 5.492,          
c = 7.784 Å, β = 89.92° [6]. 
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A typical La2CoMnO6 crystal was analyzed using X-ray diffraction data. It was shown that 
by traditional ceramic method, the La2O3 and Co2O3 phases exist between La2CoMnO6 phase. 
Figure 5 shows the small Ca2O3 particles among the greater La2CoMnO6 grains. A little Co2O3 
phase still remain in the sample prepared by Sol-Gel method (see X-ray patterns in Figure 5) but 
the estimated mass ratio of Co2O3 phase is radically smaller.  
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Figure 4. The X-ray diffraction  patterns of La2CoMnO6 samples by ceramic method (sintered at 900 oC 
in 8 h). 
 
Figure 5. The X-ray diffraction patterns of La2CoMnO6 samples by Sol-gel method sintered at 900 oC 
in 5 h. 
Table 1. Cell parameters for undoped and Fe-doped La2CoMnO6 as obtained from the Rietveld analysis. 
x Space group Cell constants a,b,c [Å] 
0.00 Pnma 5.520, 5.472, 7.775 
0.01 Pnma 5.521, 5.483, 7.778 
0.02 Pnma 5.526, 5.475, 7.773 
0.03 Pnma 5.524, 5.472, 7.776 
The structural parameters of La2CoMnO6 were refined from X-ray data by Rietveld method 
using Winprof software. The Co2O3 phase was separated and the single La2CoMnO6 phase was 
refined. The results show the structure in orthorhombic space group Pnma with following unit 
cell parameters in Table 1. The Co-O and La-O bond lengths were estimated at 1.912 and 2.015 
(Å), respectively.  
The Fourier refinement of half-width at half-maximum of the diffraction patterns show that 
the single crystals have average linear size 780 nm for the ceramic route.  
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3.2. Magnetic properties 
The Fe-doping increased the magnetization while lowering the TC and also increased the 
saturated magnetization. The possible spin exchanges between t2g and eg electrons are showed in 
the inset of the Figure 6 where we can see that the final configuration results in the FM state 
which prevails below Curie temperature TC. While doping reduced the coercive force HC but this 
could only be seen at low T when the coercive force prevailed. Above the Curie temperature TC 
all magnetization curves yield HC = 0. Besides, the magnetization decreased as temperature 
increased and at room temperature the magnetization was about 20 % as of that at 5K. We have 
obtained 4.1 μB per unit cell saturated magnetization on the undoped sample and 5.3 μB on 
doped one with x = 0.03. The values for TC (Table 2) were determined on basis of fitting the 
inversed susceptibility χ-1 according to the Curie-Weiss law (curve fits not shown). 
 
Figure 6. The development of Field Cooling (FC) and Zero-Field Cooling (ZFC) magnetization at a 
constant field of 200 Oe according to temperature from 10 to 300 K. The inset shows the evolution of 
coercive field strength on doping content. 
Table 2. TC for Fe-doped La2Co1-xFexMnO6. 





In Figure 6 we show the dependence of Field Cooling (FC) and Zero-Field Cooling (ZFC) 
curves on temperature. While the FC curves showed a continuous increase as T decreased, the 
ZFC curves did separate from the FC curves at the temperatures near TC and expressed the 
maxima (seen at 142, 137, 107,75 K for x = 0.00, 0.01, 0.02 and 0.03, respectively). The larger 
is magnetization the bigger is substitution content of Fe. 
4. CONCLUSION 
The small doping of Fe in La2Co1-xFexMnO6 (x ≤ 3 %) led to slight changes in the lattice 
constants but the symmetry of the lattice remained unchanged from the orthorhombic unit cell 
Pnma of the undoped sample. The doping led to the observable decrease of Curie temperatures 
 
 
Structure of span-80 activated double perovskite system La2Co1-xFexMnO6 (x = 0.00, 0.01, 0.02, 0.03) 
190 
TC (from 215 to 130 K), however it also resulted in the enhancement of saturated magnetization 
in all samples.  
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Các vật liệu sắt từ cách điện RE2AMnO6  trong đó A là kim loại chuyển tiếp và RE là 
nguyên tố đất hiếm đã nhận được quan tâm trở lại. Mặc dù mẫu khối La2CoMnO6 đã được 
nghiên cứu, nhưng với các hệ pha tạp thêm sắt Fe vẫn ẩn chứa một số vấn đề cần được giải 
quyết. Việc thay thế Fe vào vị trí B gây ra sự gia tăng tính sắt từ trong sắt từ xung quanh TC. 
Biến dạng cấu trúc không lớn và vẫn là cấu trúc trực thoi (nhóm không gian Pnma). 
Hợp chất perovskite kép La2CoMnO6 cho thấy sự đồng tồn tại của tính chất phản sắt từ và 
sắt từ bên cạnh tính chất sắt điện thường thấy trong cấu trúc đơn, điều đó dẫn đến hợp chất này 
nhận được sự quan tâm nhiều gần đây như là vật liệu multiferroic đầy hứa hẹn mà tính chất của 
nó có thể được điều chỉnh bằng cách điều chỉnh các lớp trung lưu hoặc bởi doping. Trong bài 
báo này, chúng tôi trình bày cấu trúc và tính chất từ của hợp chất La2Co1-xFexMnO6 (x ≤ 3 %). 
Từ khóa: perovksite kép, cấu trúc. 
